The species Gluconacetobacter diazotrophicus, Herbaspirillum seropedicae and H. rubrisubalbicans are endophytic N 2 -fixing [diazotrophic] bacteria which colonise not only roots, but also the aerial tissue of sugar cane. However, the technique most commonly used to quantify the populations of these microbes in plants is by culturing serial dilutions of macerates of plant tissues in N free semi-solid media which are only semi-selective for the species/genera [the Most Probable Number (MPN) Technique] and each culture must be further subjected to several tests to identify the isolates at the species level. The use of species-specific polyclonal antibodies with the indirect ELISA (enzyme-linked immunosorbent assay) can be an alternative which is rapid and specific to quantify these populations of bacteria. This study was performed to investigate the viability of adapting the indirect ELISA technique to quantify individually the populations of these three species of diazotroph within the root and shoot tissues of sugarcane. The results showed that species-specific polyclonal antibodies could be obtained by purifying sera in protein-A columns which removed non-specific immuno-globulins. It was possible to quantify the three bacterial species in the Brazilian sugarcane variety SP 70-1143 in numbers above 10 5 cells per g fresh weight in roots, rhizomes and leaves. The numbers of the different bacterial species evaluated using the ELISA technique were found to be higher than when the same populations were evaluated using the MPN technique, reaching 1400 times greater for G. diazotrophicus and 225 times greater for Herbaspirillum spp. These results constitute the first quantification of Herbaspirillum using immunological techniques.
INTRODUCTION
The specie Gluconacetobacter diazotrophicus (43, 44) [formally Acetobacter diazotrophicus (13) ] and two species of Herbaspirillum: H. seropedicae and H. rubrisubalbicans (3, 5, 6) have been found to colonise the rhizosphere and the internal tissues of sugar cane (9, 23, 41) . They are transmitted to the next crop by stem cuttings (setts) and are considered as *Corresponding Author. Mailing address: Embrapa Agrobiologia, BR 465, km 7, Caixa Postal 74505, CEP 23890-000 Seropédica, RJ, Brazil.; Email: veronica@cnpab.embrapa.br obligate endophytic diazotrophic bacteria, as their survival in the soil is very poor (4, 26) . Normally, the procedure to quantify populations of these bacteria utilises semi-solid Nfree media inoculated with plant macerate after serial dilutions (8, 11, 24, 32, 33) . Enumeration has been achieved using the Most Probable Number (MPN) technique (28) based on positive scoring of semi-solid cultures where the characteristic pellicle formation is observed. Both the use of semi-specific media and the use of the MPN technique are fraught with difficulties and the numbers obtained almost certainly underestimate true populations size, as was indicated by the results of Li and MacRae (19) for
Gluconacetobacter diazotrophicus.
In the utilisation of the MPN method it is assumed that the bacteria are released from adherence to the plant tissue and that no aggregates are formed so that the maceration step The use of Enzyme Linked Immunosorbent Assay (ELISA) was firstly used to detect viruses (18) and subsequently, amongst many other applications, has been applied to detect and count rhizobia (27, 39, 42) . There have been several applications of this technique in studies of associative N 2 -fixing bacteria (7, 17, 19, 31, 34, 37, 38) . The ELISA procedure has several advantages in comparison to the MPN technique. In this immunological method, the bacteria do not have to be completely dispersed into a suspension of individual cells, as is supposed to occur during the dilution procedure of MPN counts. The complete analysis takes less than 24 h and the result can be specific to the target bacteria if the sera are prepared in a suitable manner to achieve this objective. The extracted sample after fixation can be maintained in the refrigerator and analysed several times or the material adsorbed on the ELISA plate can be stored for a long period under the same conditions (40) . 
MATERIALS AND METHODS

Production and tests of the polyclonal antisera
The antibodies were obtained by immunisation of young The obtained antisera were purified using a protein-A column (ABICAP, Merck, Germany) to extract the IgG fraction. The buffer used to desorb the IgG fraction from the column was modified to achieve the highest amount of the specific immunoglobulins. Glycine buffer (100 mM) at pH 4.0 was used for IgG 2a and IgG 2b and at pH 3.0 for IgG 1 and IgG3. After purification, the antibodies were neutralised using NaOH (0.5 M) to achieve pH 7.0. The protein concentration was measured at 280 nm (14) , where one unit of absorbance was found to represent 0.75 mg of protein.
The important characteristics of the polyclonal antibodies used are listed in Table 1 . The localization of the antigenic determinants was performed as described by Bachhawar & Ghosh (2) modified by Schloter et al. (37) . The protein concentration was measured at 280 nm (14) , where one unit of absorbance was found to represent 0.75 mg of protein. The validation of these antibodies has been described previously in details including the ultra-structure of the cells colonising micropropagated sugar cane (16, 25) . 
Cross Reaction
All immunoassays were performed with 96-well PVC . Dilution of the primary antibody: without purification 1:1000 and with purification 1:10. Were used the pH fraction which the higher protein contain. Dilution of the secondary antibody: 1:3000 e 1:300 (without and with purification, respectively). Media of three replicates subtract of the negative control (pre-immune serum). Experimental conditions: antigen: 10 7 -10 8 cells mL -1 . Dilution of the primary antibody: without purification 1:1000 and with purification 1:10. Dilution of the secondary antibody: 1:3000 e 1:300 (without and with purification, respectively. Media of three replicates subtract of the negative control (pre-immune serum). 1:300 (without and with purification, respectively. Media of three replicates subtract of the negative control (pre-immune serum).
Minimal detection limit
Cells of the strains used to produce the antibodies where 
ELISA using plant material
Roots and aerial parts were washed in tap water, suspended in carbonate buffer (50 mM, pH 9.6). After this step, the indirect ELISA protocol used was described above.
We used 3 replicates for each treatment. In all plates used, several control treatments were performed including the preimmune serum in the presence of the plant extract, and all steps except the primary antibody or the secondary antibody.
The ratio of cell number to absorbance was determined using the target bacteria in dilutions from 10 8 to 10 3 cells mL -1 .
RESULTS AND DISCUSSION
Eight weeks after inoculating the rabbits, all six sera had the highest titre value at a dilution of the antibody of 10,000
(data not shown), and this dilution was used in further tests where unpurified sera were used. After purification with protein-A, it was necessary to use lower dilutions of the antibodies as shown in Figure 1 . The protein contents after purification were different at the two different pH values, even for the same bacterial species. The minimum detection limit observed for all sera produced was 10 5 cells mL -1 using either purified or unpurified sera (data not show IgG and conjugate dilution levels, increases the specificity but it is accompanied by a decrease in sensitivity (19) .
The cross-reactions of purified and crude sera of G.
diazotrophicus with other bacteria are shown in Table 2 . All strains of G. diazotrophicus showed reactions of over 80 % of the absorbance of the strain used to prepare the serum, and in all but 3 cases out of 28, this cross-reaction was over 90%.
For the unpurified sera cross-reactions with other species within the same family (Acetobacteriaceae) were lower than 40%, and for purified sera lower than 26 %. Similar results were obtained by Li and MacRae (19) with the sera developed for G. diazotrophicus strain 1 S 16.5 which showed the highest cross-reaction against one strain of However, with these results, these two sera were considered species-specific. These cross-reactions may be of value for replicates. The absorbance of the pre-immune serum was subtracted from the absorbance of the samples. Absorbance read at λ= 405 nm.
revealing relatedness of different strains (1) and can be also used for grouping analysis (12, 34) .
Both antisera produced for Herbaspirillum seropedicae shared some common antigenic determinants with H.
rubrisubalbicans but these reactions were decreased considerably after protein-A purification and these antibodies can also be considered to be species-specific (Table 4 ). In the case of H. rubrisubalbicans, the polyclonal antibodies produced against strain HCC103 can be considered as species-specific but the other antibody produced against strain M4 showed a very high cross-reaction signal against strains of H. seropedicae even after purification (Table 5 ).
However, this antibody showed very low cross-reaction against other bacteria and thus can be considered genera- Herbaspirillum. During the growth of G. diazotrophicus on
LGI-P the pH of the medium falls to less than 3.0 which render this medium as highly selective. 
